Introduction
Triple-negative breast cancer (TNBC) is a highly heterogeneous disease that is defined by a lack of expression of estrogen receptor (ER) and progesterone receptor (PR) and overexpression of human epidermal growth factor receptor 2 (HER2). This subgroup accounts for 15%-20% of all breast cancers, and is associated with patients of younger age, black race and BRCA1 mutation carriers. [1] [2] [3] [4] [5] Because of its aggressive biologic characteristics and lack of effective targeted agents, patients diagnosed with TNBC typically experience a more aggressive clinical course with a high risk of early relapse, disease progression and a poor prognosis. 1, 2, 6, 7 Currently, there are no specific clinical guidelines for treating TNBC, making it a clinical challenge for optimal patient management.
For patients with early-stage TNBC, surgery can merely remove detectable macroscopic tumor, but some microscopic tumor foci might still remain in the locoregional tissue (ie, chest wall or regional lymph nodes) that could, if untreated, lead to recurrence and breast cancer mortality. 8 Owing to the paucity of therapeutic targets, women with TNBC do not benefit from endocrine therapy or targeted agents, and systematic chemotherapy continues to be the mainstay in TNBC patients. 9 Particularly for the neoadjuvant chemotherapy, it is reported that TNBC patients with pathologic complete response (pCR) after neoadjuvant chemotherapy have an improved prognosis compared to those without pCR. 5 The absence of therapeutic options emphasizes the urgent need to optimize the locoregional management of TNBC patients and reduce their risk of locoregional recurrence (LRR) and distant metastasis (DM). 10, 11 Therefore, postmastectomy radiotherapy (PMRT) is an important strategy for the local management of TNBC patients. 12 Contemporary guidelines and international expert consensus recommend PMRT for patients who have high disease burden, defined as locally advanced (tumors .5 cm in the greatest dimension) and extensive axillary lymph node (ALN) involvement (more than three positive ALNs). [13] [14] [15] [16] [17] [18] [19] Currently, the controversy is focused on whether patients with tumors #5 cm and zero to three positive ALNs should receive and benefit from PMRT. [20] [21] [22] [23] [24] This controversy is related to the difference in the reported LRR risks in the absence of radiotherapy among these patients. 25 Hence, there is insufficient evidence to make firm recommendations of PMRT for this subgroup.
It is generally considered that PMRT in early-stage breast cancer patients has a small absolute magnitude of benefit compared with patients who have advanced disease because their baseline LRR rate is relatively low. 23, 24 However, in 2014, a systematic review and meta-analysis, which was published in Lancet by Early Breast Cancer Trialists' Collaborative Group (EBCTCG), showed that PMRT had no significant effect on LRR, overall recurrence or breast cancer mortality in patients with no positive nodes. Yet for patients with one to three positive nodes, PMRT reduced LRR, overall recurrence and breast cancer mortality. 8 It is noteworthy that the arguments described earlier solely incorporate tumor (T) size and lymph node (N) status regardless of the heterogeneous molecular subtype of breast cancer. Since 2000, when breast cancer subtype was first defined, 26 it has been widely used clinically to predict the prognosis and decide systemic treatment strategies. Multiple retrospective studies indicated that TNBC has consistently been a predictive factor for worse biological behavior and prognosis including those who are in this early-stage (T1-2N0-1M0). [27] [28] [29] [30] [31] A large sample meta-analysis of 12,592 breast cancer patients indicated that the LRR rate following breast-conserving surgery (BCS) and mastectomy (M) was significantly higher in TNBC patients (13.5% and 12.9%, respectively) compared to that in non-TNBC patients. 32 This observation is consistent with previous reports that the TNBC subtype of breast cancer is an aggressive form of tumor associated with increased metastatic potential and decreased overall survival (OS). 2, 33 A high postmastectomy LRR in the early-stage TNBC group seems to highlight the need for adjuvant radiotherapy. TNBC is a subtype that represents a challenge to many current guidelines and consensus in breast cancer management. Accordingly, in the era of precision medicine, it is necessary to reevaluate the role of PMRT in early-stage TNBC.
In this review, we aim to assess the effect of PMRT in patients with early-stage (T1-2N0-1M0) TNBC and discuss the type of surgery received and the relevant adverse clinicopathologic factors regarding the influence of tailing PMRT in this subgroup based on the current evidence of evidence-based medicine and through deeper interpretation of classic literature.
Methods
We conducted a systematic literature search of PubMed, EMBASE, Web of Science and Google Scholar in English literature in order to identify relevant articles from January 2000 to September 2016. The year 2000 was chosen as a cutoff, as it was the year when molecular subtypes of breast cancer were first defined. 26 To maximize the inclusion of eligible articles, the following keywords were used in combination: triple-negative breast cancer or TNBC, adjuvant radiotherapy or postoperative/postmastectomy radiotherapy, BCS/breast-conserving therapy (BCT), and M/modified radical mastectomy (MRM). Additional studies were sought from the references of all the retrieved articles; only studies describing related information were included.
inclusion/exclusion criteria of literature
The studies were included if they satisfied the following criteria: 1. the papers should be published after January 2000; 2. the article should contain molecular subtypes of breast cancer; 3. the article should provide information on early-stage TNBC (T1-2N0-1M0); 4. the papers had to provide the size of the samples, surgical approach, postoperative radiotherapy and survival estimates.
The studies were excluded if one of the following criteria existed: 1. studies that contained overlapping data; 2. not TNBC; 3. not offering the outcomes assessed or surgical type or molecular subtype or other essential information; 4. if more than one study from the same group occurred, only the most recent or complete study was included.
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Discussion
Assessment of the surgical approach on the effect of tailing PMRT
Breast conservation therapy versus M
In contemporary clinical practice, two major surgical approaches including BCS, which is currently adopted in small cT1 and some cT2 breast cancers, and M, which is often applied in larger tumors (T$4 cm) and multifocal/ multicentric tumors, are widely used in early-stage TNBC patients. 13, 14 Currently, the strategy of locoregional management in early-stage TNBC involves surgical excision of breast tumor mass by M or BCS with radiotherapy BCT: BCS and adjuvant radiation or without radiotherapy. Owing to high proliferation rate and increased aggressiveness compared with other subtypes, TNBC patients constantly deem that M is superior to BCS, which leads to a more aggressive locoregional surgical approach. Accordingly, this sparked the enthusiasm to challenge the general longstanding principle in early-stage TNBC.
A retrospective study of a single center by Abdulkarim et al showed higher LRR rates in patients with T1-2N0 TNBC treated with M only, compared with those treated with BCT; the five-year LRR-free survival was 90% and 96%, respectively. There was no significant difference in the OS between these groups. 34 Moreover, findings from a meta-analysis showed that the ipsilateral locoregional recurrence (ILRR) rate of patients undergoing M was 2.5-fold as much as that of patients undergoing BCT in a subgroup analysis for stages I-II TNBC. Hence, the meta-analysis concluded that BCT could benefit patients with early-stage TNBC compared to M. Furthermore, the favorable outcome from BCT might be because of the contribution from the postoperative radiotherapy. 35 However, Zumsteg et al 36 who investigated a retrospective study of 646 T1-2N0 TNBC patients in the USA reported no significant difference in LRR between BCT and M. A large multicenter retrospective study of 775 TNBC patients with T1-2N0-1M0 tumors found that survival of patients treated with M only was not significantly different compared to patients receiving BCT. 37 Ly et al 38 retrospectively reviewed patients with T1-2N0-1M0 invasive TNBC treated from 2004 to 2010 in their single cancer center and concluded that there was no statistically significant difference between M and BCT with respect to cumulative incidence of LRR. Finally, a recently published population-based study, which enrolled 37,207 primary, invasive, stage T1-2N0-1M0 breast cancer patients, indicated that BCT showed significantly improved 10-year OS and relative survival compared with M in early breast cancer (Table 1) . 39 Taken together, based on the pooled data, breast conservation therapy, which routinely incorporates radiation, can 
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Chen and Pu be considered a candidate for early-stage TNBC patients as it is at least equivalent to M with respect to local control and OS in early TNBC. One possible explanation is that patients who underwent BCT were older at diagnosis, were less likely to have lymphovascular invasion (LVI) and had smaller and lower grade tumors than patients undergoing M. Hence, how to identify this specific subgroup that is suitable for BCT is critical and challenging for clinicians.
M versus M + PMRT
Although current international consensuses and guidelines do not recommend the routine use of PMRT for patients with stage T1-2N0-1M0 disease, there is contradictory data with respect to this inherently heterogeneous subtype. In a retrospective study conducted by Chen et al 40 from a single institution, it was shown that PMRT was associated with a longer disease-free survival (DFS) time than M only in the intermediate-risk group (stages T1-2N1) with a median follow-up of 65 months. In another study by Kong and Hong, 41 it was reported that PMRT might be beneficial in a subgroup analysis of T1-2N1 patients of TNBC subtype. Similarly, Gabos et al 42 deemed that PMRT is important in decreasing LRR after modified radical M, particularly in women with T1-2N0 TNBC subtype. Likewise in a phase 3 trial from China, which included 681 patients with triple-negative stages I-II breast cancer, all patients treated with M plus chemotherapy and then randomly assigned to receive PMRT or no radiation showed that 5-year relapse-free survival and OS were significantly higher with the addition of PMRT compared with no radiation. 43 Jagsi et al 44 46 explained that ~95% of TNBC patients received chemotherapy; hence, the benefit of PMRT in patients may decrease due to the progress of adjuvant therapy ( Table 2) .
Association with clinicopathologic factors
In the assessment of adjuvant radiotherapy for early-stage TNBC, there are related clinicopathologic factors that need to be addressed. In clinical practice, the most common risk factors include age, LVI, grade, the number of axillary lymph nodes removed, the number of positive lymph nodes, margin status, pCR, menopausal status and neoadjuvant/adjuvant chemotherapy. In a retrospective study, Chen et al demonstrated that younger age (,50 years), the presence of LVI, grade 3 tumor, and three positive ALNs are associated with an increased risk of LRR among patients with pT1-2N0-N1 TNBC who undergo MRM and receive chemotherapy without PMRT through multivariate analysis. Furthermore, patients with two or more of the risk factors involved had a 
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Review of adjuvant radiotherapy in early-stage TNBC significantly higher 5-year LRR rate of .25%. 47 Similarly, in another retrospective study, the authors' results supported that PMRT showed significantly decreased LRR in T1-2N1 patients with age ,40 years, LVI, two and three positive lymph nodes and ratio of positive LNs .25%. 46 Trovo et al 48 demonstrated that LVI, grade 3 disease, ER-negative tumors and premenopausal status were significant risk factors for LRR, and patients who had three or more risk factors with a 5-year LRR rate of .20% were recommended for PMRT in stage I-II breast cancer patients. Truong et al 49 reported that patients aged ,45 years with .25% positive axillary nodes and patients aged $45 years with .25% positive axillary nodes, medial tumor location and ER negative were recommended for PMRT in a retrospective analysis including 821 T1-2N1 breast cancer patients. In addition, Houvenaeghel et al 50 showed that axillary lymph node involvement is a key prognostic feature for early TNBC when isolated tumor cells were identified in lymph nodes. pN0 cases had longer DFS than pN0(i+)/pN1mic 51 (isolated tumor cell [,0.2 mm; pN0(i+], micrometastases [,2 mm; pN1mic]). 50 What is more, in a subgroup analysis from an article, the authors showed that in patients with a low-risk disease (stages T1-2N0) without PMRT, LVI was the only strong predictor of both LRR and disease recurrence (DR), which causes a significantly higher 5-year LRR rate and 5-year DR rate than those without LVI (Table 3) . 40 Taken together, when counseling TNBC patients with stage T1-2N0-1M0 to receive PMRT, we should still consider the high-risk factors listed earlier. In addition, when making radiotherapy strategies, we should also consider the radiotherapy field; the National Comprehensive Cancer Network (NCCN) guidelines of version 1 2016 recommend that for BCS and negative axillary nodes, radiation is needed to whole breast with or without boost to tumor bed or take consideration of partial breast irradiation in selected patients; for one to three positive axillary nodes, regardless of BCS or M, strongly consider radiotherapy to chest wall, infraclavicular region, supraclavicular area, internal mammary nodes and any part of axillary bed at risk; for M and negative axillary nodes, when tumor #5 cm and margin $1 mm, no radiotherapy is needed and when tumor #5 cm and margin ,1 mm, consider radiotherapy to chest wall. 14 
Association with BRCA1 mutations
It is reported that ~60%-80% of BRCA1-mutated breast tumors display a TNBC phenotype. 3, 52 Furthermore, additional studies have identified that this subtype has high proliferative indices, high grade, lymphocytic infiltrate, pushing margins, a greater propensity for visceral than bone or lymphatic metastases and an elevated risk of ipsilateral or contralateral recurrence. 53, 54 In aggregate, patients with BRCA1-mutated TNBC present a poor prognosis. Based on the risk factors associated with BRCA1-mutated TNBC, BRCA mutation status is crucial in making decisions for locoregional management. The present NCCN guidelines for genetic screening recommend that patients diagnosed with TNBC younger than 60 years should be considered for genetic testing irrespective of family history. 55 BRCA1-mutated TNBC patients are typically characterized by a high rate of DNA aberrations and defective DNA repair process. The exact mechanism is that normal BRCA1 plays a critical role in the recognition of DNA damage and repair of double-strand breaks by homologous recombination, nonhomologous endjoining. BRCA1 mutation results in defects in DNA repair and in turn increases the toxicity of DNA damage, which 
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Chen and Pu ultimately enhances radiosensitivity and chemosensitivity to specific chemotherapeutic drugs (ie, platinum-based drugs). 56, 57 However, whether TNBC is radiosensitive or radioresistant is conflicting because the mechanism of preclinical data is different.
8,58-60
Conclusion
TNBC is a group of clinically heterogeneous disease. Six subtypes of TNBC are defined according to gene-expression profiles, which are basal-like 1, basal-like 2, immunomodulatory, mesenchymal, mesenchymal stem like and luminal androgen receptor. 61 Furthermore, TNBC is a more aggressive disease with a high grade, high proliferative potential, increased risk of disease progression and poorer OS, compared with other subtypes of breast cancer. 62, 63 It is reported that TNBC exhibits an early pattern of recurrence with a peak recurrence risk at 2-3 years after surgery.
2 Chemotherapy continues to be the mainstay of systemic medical treatment for TNBC patients. The feature of predisposition to early relapse of TNBC highlights the importance of locoregional treatment. Like other subtypes, PMRT is recommended to TNBC patients after surgery, with tumors .5 cm or more than three positive nodes involved, according to guidelines and consensuses. [12] [13] [14] [15] [16] [17] [18] Although it has clinically aggressive characteristics, there are currently no specific guidelines for TNBC. Until now, the role of PMRT in early-stage (T1-2N0-1M0) TNBC patients has not been clearly clarified. There are controversies about whether adjuvant PMRT is needed. The present data discussed earlier are not sufficient enough to recommend either M or M followed by PMRT for patients with stage T1-2N0-1M0 TNBC because no single locoregional management approach has consistently been demonstrated better than another.
Therefore, for patients with early-stage TNBC, some researchers think that PMRT is a helping hand that can eliminate subclinical tumor foci remaining in locoregional tissue to reduce the risk of LRR and DM, but others consider it overtreatment, which not only increases the financial burden of patients but also brings a series of complications, including arm edema and cardiopulmonary radiation damage. However, whether PMRT is beneficial or harmful for earlystage TNBC has no accurate answer. The ultimate purpose of PMRT is to improve the survival of local control and patients, but short-term and long-term adverse effects should not be forgotten. In contemporary clinical practice, we should evaluate the benefits and toxicity of PMRT comprehensively to optimize the individualized treatment strategy according to individual disease specifics with respect to T1-2N0-1M0 TNBC patients. Owing to the limitations of previous prospective or retrospective study, systematic review and meta-analysis, prospective multicenter randomized controlled phase 3 studies are needed in regard to the PMRT for T1-2N0-1M0 TNBC patients. While age, histological grade, LVI, the number of axillary lymph nodes removed, the number of positive lymph nodes, surgical margin status, menopausal status, BRCA1 status, pCR, menopausal status and neoadjuvant/adjuvant treatment should be pre-stratified, to further clarify the subgroup which can benefit from PMRT and the radiation field which is more important and safer for PMRT to bring on better locoregional control and longer survival for patients.
There are certain limitations of this review. The most important of all, owing to the absence of prospective clinical trials, the majority of the pertinent data are from retrospective studies. Hence, it is conceivable that clinicopathologic characteristics of patients involved, systematic treatment such as chemotherapy regimen, radiation field and radiation dose intensity may have varied between different studies. Second, the classification criteria for TNBC through immunohistochemistry and fluorescence in situ hybridization are both varied with the progress of medicine. Third, the duration of follow-up is varied between studies. Therefore, more prospective studies are needed to identify the specific high-risk TNBC patients with T1-2N0-1M0 to determine which subgroup can truly derive the greatest survival benefit from PMRT.
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